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Floppy molecules
Intrinsic coupling of rotation & vibration
Physical picture
All vibrational motions have large amplitude
⇓
No static equilibrium structure definable
⇓
Rotational and vibrational motions inseparable
⇓
Both experimentally and theoretically very challenging!
Our goal
A group theoretical foundation of the inseparability of
rovibrational motion
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Customary approach
The molecular symmetry group elements
Symmetries of the molecular Hamiltonian
I Overall rotation ≡ SO(3)
I Molecular symmetry group ≡ GMS
Decoupled motions⇒ Separable symmetry elements
For all Rˆ ∈GMS:
Rˆ Ψ = Rˆvib ψ(Q1,Q2, . . .)
vibration
Rˆrot χ(Ω)
rotation
Rˆelφ(re1 , r
e
2 , . . .)
electronic
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Equivalent rotations1
For each Rˆ ∈GMS: Find change of the Euler angles
⇓
Unique action of Euler angle change on basis function of
symmetric rotor:
Rotation Euler angles Basis functions
Rβz (θ, φ, χ+ β) eikβ|J, k ,m〉
Rpiα (pi − θ, φ + pi,2pi − 2α− χ) (−1)Je2ikα|J,−k ,m〉
⇓
Used to classify |Jkm〉 states in MS group.
1H. Longuet-Higgins, Molecular Physics 6, 445 (1963)
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Our view: Special orthogonal group SO(3)
MS elements as elements in SO(3)
Find “equivalent rotations”
⇓
Rˆrot form subgroup of SO(3)
⇓
Known set of subgroups
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Our view: Special orthogonal group SO(3)
MS elements as elements in SO(3)
Find “equivalent rotations”
⇓
Rˆrot form subgroup of SO(3)
⇓
Known set of subgroups
Zn
Dihn
A4
S4
A5
Cs, Ci,
C2, C3h
C2v , C3v ,
D2d, D3h
T
Td, O
I
All so far discussed MS groups are in the set of subgroups of
SO(3)!
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Representation theory and subgroups
SO(3) irreducible representations
I In SO(3), irreps DJ are defined by rot. angle θ and J
I The irreps are reducible in the subgroups
⇒ Symmetry of rotational wavefunction!
I DJ ↓GMS equals representation spanned by |Jkm〉
functions!
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Main statement
If the MS group is not isomorphic to any subgroup of
SO(3), there is no way to classify a rotational state in the
MS group!
⇓
There is no possibility of decoupling rotational and
vibrational states in the MS group!2
2Schmiedt, H., Schlemmer S. & Jensen, P., in preparation
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Very first example: Protonated methane CH+5
Molecular symmetry group G240:
No subgroup3 of SO(3)
⇓
Impossible to relate any rotational state to irreducible
representations of G240
⇓
No decoupling of vibrational and rotational motion!
⇓
Impossible to link J to the irreps of G240
Question4: What is the “real” underlying symmetry group
for combined rovibrational states?
3Cf.: R. Wodraszka, “The quantum dynamics of CH+5 ”, Ph.D. thesis, Bielefeld,
Germany (2014)
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